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We report results from the experiment NA57 at CERN SPS on hyperon production at midra- 
pidity in Pb-Pb collisions at 158 A GeV/c and 40 A GeV/c. A, H and Q yields are compared 
with those from the STAR experiment at the higher energy of the BNL RHIC. A, H, Q and 
preliminary Kg transverse mass spectra are presented and interpreted within the framework 
of a hydro-dynamical blast wave model. 



1 Introduction 



The NA57 experiment has been designed to study the onset of enhanced production of multi- 
strange baryons and anti-baryons in Pb-Pb collisions with respect to p-Be collisions. This 
enhancement, first observed by experiment WA97^, is considered as evidence^ for a phase 
transition to a new state of matter - the Quark Gluon Plasma (QGP). 

The assessment of the combined results of the CERN heavy-ion experiments suggests indeed 
that a colour deconfined new state of matter^ produced in central Pb-Pb collisions at 158 
A GeV/c. 

NA57 has extend the study initiated by its predecessor WA97 by investigating the dependence 
of the hyperon production (i) on the interaction volume and (ii) on the collision energy per 
incoming nucleon^l For the first purpose, special efforts were made in NA57 to enlarge, with 
respect to WA97, the triggered fraction of the total inelastic cross-section thus extending the 
centrality range towards less central collisions; for the second, the experiment has collected data 
at two beam momenta: 158 A GeV/c and 40 A GeV/c. 



2 The NA57 experiment 

The NA57 apparatus has been described in detail elsewhere® Strange and multi-strange hyper- 
ons are identified by reconstructing their weak decays into final states containing only charged 
particles, e.g.: H~ — ► A-7r~, with A — > pir~ . Tracks are measured in the silicon telescope, an 
array of pixel detector planes with 5x5 cm 2 cross section, having a total length of about 30 cm. 
To improve the momentum resolution of high momentum tracks an array of double-sided silicon 
microstrip detectors is placed downstream of the tracking telescope. The whole silicon telescope 
is placed inside a 1.4 Tesla magnetic field, above the beam line, inclined and aligned with the 
lower edge of the detectors laying on a line pointing back to the target. The inclination angle a 
with respect to the beam line and the distance d of the first pixel plane from the target are varied 
with the beam momentum so as to accept particles produced in about half a unit of rapidity 
at central rapidity and medium transverse momentum, namely: at 158 A GeV/c (y cm — 2.9) 
a = 40 mrad and d = 60 cm, at 40 A GeV/c (y cm — 2.2) a = 72 mrad and d = 40 cm. 
An array of scintillation counters, placed 10 cm downstream of the target, provides a fast signal 
to trigger on the centrality of the collisions. The centrality of the Pb-Pb collisions is determined 
(off-line) by analyzing the charged particle multiplicity measured by two stations of silicon strip 
detectors which cover, respectively, the pseudorapidity intervals 2 < rj < 3 and 3 < rj < 4 for 
the 158 A GeV/c set-up, and 2 < 77 < 3 and 2.4 < rj < 3.7 for the 40 A GeV/c one. At both 
energies the triggered fraction of the total nuclear inelastic cross section is about 60%. 
In order to estabilish whether in Pb-Pb interactions the multi-strange particle production is 
enhanced with respect to the superposition of elementary hadronic interactions, reference data 
are necessary. NA57 has collected p-Be data at 40 GeV/c (whose analysis is ongoing), while as 
reference data at 158 GeV/c we use both the p-Be and the p-Pb sets of data available from the 
WA97 experiment. 



3 Data analysis 

The hyperon signals are extracted with a method similar to that used in the WA97 experiment® 
For each particle species we tune the optimal choice of the fiducial acceptance window using a 
Monte Carlo simulation of the apparatus. The data are then corrected for geometrical acceptance 
and for detector and reconstruction inefficiencies on a particle-by-particle basis, as described in 
references 1 ^' 2 '. The stability of the results (inverse slopes and extrapolated yields, see later) is 
checked with respect to different choices of the acceptance window. 



Finally we determine the double differential cross section d ^^ d — where y is the rapidity and 



nriT = ypf + ttiq is the transvers mass of the particle of rest mass uiq — and the number of 
particles per event, i.e. the yield, in the selected acceptance window. The double differential 
cross section can be parametrized according to the following expression: 

d 2 N ( m T \ 

Am T exp\-- — (1) 



dm T dy \ T app j 

where the parameter T app , which is referred to as the inverse slope (see section 5 for its phys- 
ical interpretation), is extracted by means of a maximum likelihood fit method. By using the 
parametrization of eq. ^ we can extrapolate the yield measured in the selected acceptance win- 
dow to a common phase space window covering full px and one unit of rapidity centered at 
midrapidity: 

rVcm+0.5 ^2 jy 



Yield = / dm T / dy- . (2) 

Jm Jycm-o.5 dm T dy 

As a measure of the collision centrality we use the number of wounded nucleons, i.e. the nucleons 
which take part in the initial collisions^. 

At 158 A GeV/c the multiplicity distribution is divided into five centrality classes (0, /, II, III, IV) ( 
class being the most peripheral and class IV the most central. The average number of wounded 
nucleons < N woun d > in each class is determined from the trigger cross section, as described in 
reference^! 

At 40 A GeV/c, the results on hyperon yields are given and compared to those at higher energy 
for a single centrality class corresponding approximately to the most central 42% of the Pb-Pb 
interaction cross section, which is the equivalent of bins from I to IV at 158 A GeV/c. 



4 Hyperon yields 

4-1 Energy dependence 

The yields for the A, H~, 0~ hyperons and their anti-hyperons are shown in fig. ^at the two 
beam energies. Going from 40 to 158 A GeV/c, the A and H~ yields are quite similar while 
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Figure 1: Particle yields in 40 and 158 A GeV/c Pb-Pb interactions, for about the 42% most central collisions. 

the yields of the corresponding anti-particles are increased by a factor ~ 5. The hyperon 
production shows a larger increase: about a factor 3 for the particle and more than a factor 7 
for the anti-particle. This picture indicates, as expected, a larger baryon density at lower energy. 



"The labels I-IV were introduced by WA97. The NA57 most peripheral bin is indicated with symbol to keep 
the labelling of WA97 for the other centrality bins. 



This trend continues when going from SPS to RHIC: in fig. [21 the NA57 yields are compared 
with those obt ained in \/Snn = 130 GeV Au-Au collisions from the STAR experiment at 
RHIC | H | 12 | l Sl (NA57 data points at 40 and 160 A GeV/c correspond to = 8.8 and 17.3 

GeV, respectively). In order to stay close to the STAR range of collision centrality (5%, 10% and 
14% most central Au-Au collisions for A, 3 and respectively) we restrict here our centrality 
range to the 5% most central Pb-Pb collisions (class IV) in the case of A and to the 12% most 
central ones (classes III, IV) for 3 and fi. The A and 3~ yields stay almost constant all along 



• A 

A 

Vs™ [GeV] 



■a 



Vs NN [GeV] 



RHIC 



■ n T /Q 

. sVs' 

A/A 



■ n" 

□ g* 

Vs " [GeV] 



Vs NN [GeV] 



Figure 2: Comparison of strange particle yields (top) and anti-hyperon to hyperon ratios (bottom) at SPS and 

RHIC energies. 

the full energy range, whereas an increase with the energy is observed for the f2 _ particle. All 
the three anti-hyperon yields show a much stronger increase with the energy. 
From the yields, the ratios between the abundances of different particles can be computed. In 
particular, the anti-hyperon/hyperon ratios at SPS and RHIC are larger for higher strangeness 
content of the hyperon (bottom plot of fig.|2j). All three hyperon ratios also increase as a function 
of the energy. Finally, the energy dependence is found to be weaker for particles with higher 
strangeness content. 



4-2 Centrality dependence at 158 A GeV/c 

In fig £3 the yields per wounded nucleon relative to p-Be of A, 3 and Q and their anti-particles in 
Pb-Pb and p-Pb at 158 A GeV/c are plotted as a function of the number of wounded nucleons. 
The p-Be and p-Pb results are those published by WA97. The particles have been divided 
into two classes, those with at least one valence quark in common with the nucleon (left) and 
those without (right), since it is known that the particles of two groups may exhibit different 
production features, e.g. in the rapidity spectra. 

The NA57 results confirm the pattern of strangeness enhancements observed by WA97: when 
going from p-Be to Pb-Pb data, O are more enhanced than 3, which are in turn more enhanced 
than A. The maximum enhancement is about a factor 20 for the + in the most central 
class. 

From fig. |3]one can see, within the Pb-Pb sample, an increase of the particle yields per wounded 
nucleon with the number of wounded nucleons for all the particles except for the A. 
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Figure 3: Hyperon yields per wounded nucleon per unit of rapidity at central rapidity relative to p-Be as a function 
of the number of wounded nucleons. The symbol □ indicates the systematic error. 

5 Transverse mass spectra at 158 A GeV/c 

In fig. |1] all the transverse mass spectra of the measured hyperons and anti-hyperons and (pre- 
liminary) Kg are collected. This sample corresponds to 54% most central Pb-Pb collisions. The 
values of the inverse slope parameters, as calculated according to maximum likelihood fits with 
the function of eq. ^(see section 3) are reported in tabled 



T=161±7 MeV 
f5 ± =0.395±0.015 
X 2 /ndf=26/39 
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Figure 4: Transverse mass spectra of the strange particles measured by NA57 with superimposed the result of 

the best fit with the blast wave model. 

Assuming a collective transverse expansion superimposed to the thermal motion of a fireball lo- 
cally in thermal equilibrium, in two extreme regimes — namely non-relativistic (pr <C mo) and 
ultrarelativistic (mj 3> itlq ) — the inverse slope parameter T app can be simply related to two 
basic quantities: the thermal freeze-out temperature T and the (average) collective transverse 
flow velocity j3±. In the former regime one should expect an increase of T app with the rest mass 



Table 1: Inverse slopes parameter (T app ) of the strange particles in the full centrality range (O-IV). 



Particle 




A 


A 






n- 




T app (MeV) 


229 ± 9 


289 ± 7 


287 ± 9 


297 ± 5 


316 ± 11 


280 ± 16 


324 ± 29 



of the particles: e.g. in reference^! it has been derived that T app = T + too < f3j_ 2 > ; in the 
latter regime the inverse slope parameter would be just blue-shifted with respect to T according 
to a Doppler formula^ T app = Ty / ±±|^. 

For the descriptio n of the full mx region we have employed here the hydro-dynamical model 
derived in reference!^. In its simplest interpretation, when a constant transverse velocity profile 
is assumed, the transverse mass distribution becomes: 

d 2 N ( m T coshp\ ( p T sinhp\ 

oc Tti r pK\ J (3) 



mTdrriTdy \ T / \ T 

where p = tanh~ 1 (3± and K\ and Jo are two modified Bessel functions. A simultaneous best fit of 
eq. E|to the data points of all the measured strange particle spectra successfully describes all the 
distributions with x 2 /ndf = 26.3/39, yielding the following values for the two basic quantities 
T and fir- 

T = 161±7MeF, P± = 0.395 ± 0.015 . 



The particles have been divided again in two groups — those which share quarks in common 
with the nucleons and those which do not — and the fit procedure has been repeated separately 
for the two groups. The results of such fits are summarized in table EJ They suggest common 



Table 2: Thermal freeze-out temperature T and average transverse flow velocity j3±_ in the full centrality range. 



particles 


T (MeV) 


P± 


X 2 /ndf 


Kg, A, 3- 


160 ± 10 


0.39 ±0.02 


12.7/15 


A , 3 + , n- , n + 


167 ±16 


0.39 ± 0.03 


12.2/22 



freeze-out conditions for the two groups. Since the interaction cross-sections for the particles of 
the two groups are quite different, this finding would suggest a similar production mechanism 
and limited importance final state interactions (e.g. a sudden thermal freeze-out). A similar 
conclusion concerning the evolution of the syste m w as reached in the paper by WA97 studying 
the HBT correlation functions of negative pions^l 

Finally, we have attempted to study the centrality dependence. We present here very preliminary 
results for three different centralities only, in order to reduce the statistical error: our (5%) most 
central collision class IV, classes and J merged (most peripheral group) and classes II and III 
merged (intermediate centrality). In table El are reported the fit parameters and the centrality 
ranges in terms of residual percentage of the total inelastic cross-section. The suggested trend is 
as follows: the more central the collisions the larger the transverse collective flow and the lower 
the final thermal freeze-out temperature. The higher temperature for peripheral collisions could 
be due to the shorter time duration of the expansion: the sytem would have less time for cooling 
before of the final decoupling. The results for our most central class are cons isten t within the 
errors with those in the same centrality range from a similar analysis by NA49^l 



Table 3: Thermal freeze-out temperature T and average transverse flow velocity (3± as a function of centrality. 



Centrality 


T (MeV) 


#1 


X 2 /ndf 


0-1 23 ~r~ 54% 


163 ± 16 


0.35 ±0.03 


37.8/37 


II-III 5 "t" 23% 


167 ±13 


0.40 ± 0.03 


32.6/37 


IV + 5% 


131 ± 10 


0.47 ±0.02 


37.4/37 



6 Conclusions and outlook 

Results from NA57 on A, S and f2 production in Pb-Pb collisions at both 40 and 158 A GeV/c 
have been reported. The energy dependence of the hyperon and anti-hyperon yields is compatible 
with a decrease of the baryon density with increasing energy. Going from low (40 A GeV/c) to 
top (158 A GeV/c) SPS beam momentum the A and E - yields stay roughly constant while the 
production of the £l~ and all the anti-hyperons increases significantly with the collision energy; 
this trend continues up to the RHIC energy. At 158 A GeV/c the centrality dependence of the 
yields per wounded nucleon confirms the pattern of enhancements relative to p-Be observed by 
WA97: the enhancement increases with the strangeness content of the particle, up to a factor 
~ 20 for + f2 + . All the particles except the A show an increase of the enhancements, when 
going from peripheral to central Pb-Pb collisions: a saturation may be possible for the two - 
three most central bins. The ongoing data analysis on p-Be collisions will soon provide results 
on the pattern of strange particle enhancements at 40 A GeV/c. 

The preliminary analysis of the transverse mass spectra at 158 A GeV/c in the framework of 
a hydro-dynamical model with a constant velocity profile suggests that after the collision the 
system expands explosively, with a tranverse velocity of about one half of the speed of light; the 
system then freezes-out when the temperature is of the order of 150 MeV. Finally the preliminary 
results on the centrality dependence of the expansion dynamics indicate that with increasing 
centrality the transverse flow velocity increases and the final temperature decreases. 
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